Probing of delicate systems demands high sensitivity from limited probe energy. Quantum optical techniques to beat the standard quantum limit (SQL) offer a practical advantage for these measurements. Here we report the first entanglement-enhanced measurement of a delicate material system [1] . We non-destructively probe an atomic spin ensemble by near-resonant Faraday rotation, a measurement that is limited by probe-induced scattering in quantum memory and spin-squeezing applications [2] . We use narrowband, atom-resonant NooN states to beat the standard quantum limit of sensitivity, both on a per-photon and a per-damage basis.
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Our delicate system is a 85 Rb atomic spin ensemble, similar to ensembles used for optical quantum memories and atom interferometry. Non-destructive dispersive measurements on these ensembles are fundamentally limited by scattering-induced depolarization [3, 2, 4] . Using cavity-enhanced spontaneous-parametric down-conversion [5] , we generate two-photon NooN states tuned to the F = 2 → F = 1 transition of the D 1 line of atomic Rb, about four Doppler widths to the red of the 85 Rb line F = 2 → F = 1. We use an 87 Rb induced-dichroism filter to select only the atom-resonant pairs [6] . We use Fisher information theory to quantify the metrological advantage, and a first-principles model of the atomic vapor to compute damage due to scattering. The NooN states beat the SQL by 30 ± 5% in information gained per photon and by 23 ± 4% per damage to the ensemble. These postselected results imply achievable non-post-selected advantages of 1.21± 0.05 per sent photon and 1.15 ± 0.04 per damage with existing high-efficiency detectors. The results rigorously demonstrate that entanglement can improve the measurement of delicate systems including real-world effects such as loss, parameter-dependent phase-shifts, and decoherence. 
